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The addition to the Hubbard Hamiltonian of a t′ diagonal hopping term, which is considered to be
material dependent for high-Tc cuprate superconductors, is generally suggested to obtain a model
capable to describe the physics of high-Tc cuprate materials. In this line of thinking, the two-
dimensional t-t′-U model has been studied by means of the Composite Operator Method, which
allows to determine the dynamics in a fully self-consistent way by use of symmetry requirements, as
the ones coming from the Pauli principle. At first, some local quantities have been calculated to be
compared with quantum Monte Carlo data. Then, the structure of the energy bands, the shape of
the Fermi surface and the position of the van Hove singularity have been computed as functions of
the model parameters and studied by the light of the available experimental data. The results of our
study show that there exists two sets of parameters that allows the model to describe the relevant
features of 1-layer compounds Nd2−xCexCuO4 and La2−xSrxCuO4. On the other hand, for the
2-layer compound Y Ba2Cu3O7−δ is not possible to find a reasonable set of parameters which could
reproduce the position of the van Hove singularity as predicted by ARPES experiments. Hence, it
results questionable the existence of an unique model that could properly describe the variety of
cuprate superconductors, as the t-t′-U model was thought to be.
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I. INTRODUCTION
In recent years much attention has been paid to the
physics of electronic systems with unconventional metal-
lic properties. It is generally believed that the origin of
this anomalous metallic behavior is due to strong electron
correlations in narrow conduction bands1. In this line of
thinking many analytical methods have been developed
for the study of strongly correlated electron systems2. A
parallel approach to the study of these systems is based
on the use of numerical methods3. The numerical tech-
niques are now very well developed and many results on
finite-dimension lattices are available; these results are
certainly a guide for the construction of a microscopical
theory and to them in any case the different theoretical
formulations must refer.
In the last years we have been developing a method of
calculation, denominated Composite Operator Method
(COM)4–8, which has been revealed to be a powerful
tool for the description of local and itinerant excitations
in strongly correlated electronic systems. The method
is based on the observation that the original field op-
erators, in terms of which the interacting Hamiltonians
are expressed, are not a convenient basis. Then, a cru-
cial point is the identification of a set of composite op-
erators that could describe the quasi-stable excitations
which are supposed to be present in the system. The
choice of a non-standard operator basis generates some
parameters not directly connected to the single particle
Green’s function. Unlikely other approaches, the pres-
ence of these parameters is not inconvenient because it
opens the possibility to bind the dynamics in a suitable
Hilbert space, reabsorbing the symmetries which might
be lost when some approximations are made. Definitely,
even if we realize some choice of diagrams, we are capable
to integrate the physical contribution of lost diagrams by
means of constraining equations. In particular, by us-
ing relations with the content of the Pauli principle5, we
are allowed to fix the dynamics of the system in a fully
self-consistent way without recurring to factorization or
other procedures9. In a physics dominated by the inter-
play between the charge and the magnetic configurations,
we think that the Pauli principle should play an impor-
tant role. Furthermore, the recovery of the Pauli princi-
ple, usually violated by other approximations, assures us
that the hole-particle symmetry is satisfied and that the
dynamics is bound to the right Hilbert space. In fact,
the symmetry dictated by the Pauli principle and that
coming from the hole-particle symmetry are intimately
connected, so that the violation of the former implies the
violation of the latter, and viceversa. The method has
been applied to the study of several models: the two-
dimensional p-d model4, the two-dimensional repulsive
Hubbard model5, the two-dimensional attractive Hub-
bard model6, the t-J model7 and the two-band singlet-
hole model8. In this paper we apply the method to the
study of the t-t′-U model.
Since the discovery of high-Tc superconductivity, there
has been a great deal of discussion about the choice of an
effective model suitable to describe the properties of the
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copper-oxide planes in the perovskite structure. Exten-
sive studies of the magnetic properties, showing one spin
degree of freedom in the Cu-O plane10, have resulted
in considerable evidence that the high-temperature su-
perconductors may be modelled by an effective single-
band model. According to this, one of the most studied
model is the single-band Hubbard model which indeed
can qualitatively describe many physical properties ex-
perimentally observed in copper-oxide compounds.
The addition of a finite t′ diagonal hopping term, that
appears to be material dependent for high-Tc cuprate
superconductors, has often been suggested to handle
the complexity of the experimental situation for the
cuprates11,12. Moreover, an electron-hole asymmetry in
the next-nearest-neighbor hopping term, combined with
a perfect symmetry of all the other effective parame-
ters, emerges from various reduction procedures of multi-
component electronic models and seems to distinguish
the cuprates from a general charge-transfer insulator13,14.
Recently, it has been argued that this asymmetry is re-
sponsible for the stabilization (destabilization) of anti-
ferromagnetic order for electron doping (hole doping)15,
whereas the spatial distribution of the doped carriers16
and the damping of quasi particles17 have been shown
to be very sensitive to the sign of t′. A finite t′ has
been found to be essential in reproducing various exper-
iments (magnetic structure factor18,19, flat quasi parti-
cle dispersion and shape of the Fermi surface20 which
in turn are responsible for various anomalous normal
state properties, sign change in the Hall effect21, pho-
toemission data22, the behavior of the resistivity with
temperature22, the symmetry of the pairing state3, the
actual value of the critical temperature for the optimal
doping concentration13,14). In addition, the sign of t′
seems to be relevant for the thermodynamics, in agree-
ment with more general arguments23 that the propaga-
tion within one sublattice without spin flip allowed by
a non zero t′ would significantly change the physics.
Therefore, the next-nearest-neighbor hopping parame-
ter t′ emerges as the single parameter, which carries, at
the level of the single band description, the information
about crystal structure outside the Cu-O planes and thus
differentiates between the various cuprates13,14.
According to this, we have studied the two-dimensional
t-t′-U model to analyze if it could properly describe the
variety of cuprate superconductors.
The plan of the paper is as follows. In Sec. II we
present the two-dimensional t-t′-U model and its prop-
erties. Within the framework of the COM, in Sec. III
we choose a suitable basic composite field and in Sec. IV
we derive the expression of the propagator for the chosen
field. In Sec. V we present the comparison of our analyt-
ical results for some local properties with numerical ones
obtained by means of the quantum Monte Carlo method
on a finite size lattice11. In Sec. VI we show the results
obtained for the structure of the energy bands, the shape
of the Fermi surface and the relative position of the van
Hove singularity with respect to the Fermi level as func-
tions of the model parameters. We have payed particular
attention to the comparison with the experimental data
available for the superconducting cuprates. In Sec. VII
some conclusions are given.
II. THE MODEL
The two-dimensional t-t′-U model is described by the
following Hamiltonian:
H =
∑
ij
tijc
† (i) c (j) + U
∑
i
n↑ (i)n↓ (i)− µ
∑
i
n (i)
(2.1)
where c† (i) =
(
c
†
↑ (i) , c
†
↓ (i)
)
is the electron operator on
the site i in the spinor notation , nσ (i) is the charge-
density operator for the spin σ and n (i) is the total
charge-density operator. In the hopping matrix tij , the
terms up to the next-nearest neighbors, situated along
the plaquette diagonals, have to be retained. The U pa-
rameter represents the intrasite Coulomb potential and
µ the chemical potential. This model does not en-
joy the hole-particle symmetry owing to the presence of
the t′ term, that, under the hole-particle transformation(
c† (i)→ (−1)
i
c (i)
)
, changes its sign:
µ (n, t′) = U − µ (2− n,−t′) . (2.2)
III. THE BASIC FIELD
Let us introduce the following basic field:
ψ (i) =
(
ξ (i)
η (i)
)
=
(
(1− n (i)) c (i)
n (i) c (i)
)
(3.1)
where the composite electron operators ξ (i) and η (i)
represent the n (i) = 0 ↔ n (i) = 1 and the n (i) =
1 ↔ n (i) = 2 restricted electronic transitions, respec-
tively. They make up the so-called Hubbard operator
doublet (c (i) = ξ (i) + η (i)). These two composite elec-
tron operators are well recognized to be responsible for
the main distribution of the electron density of states for
the Hubbard model from both analytical and numerical
calculations3.
The field ψ satisfies the following equation of motion
obtained from the Hamiltonian (2.1):
i
∂
∂t
ψ (i) =
(
−µξ (i) +
∑
j tijc (j) + pi (i)
− (µ− U) η (i)− pi (i)
)
(3.2)
where the operator pi has the following form
pi (i) =
∑
j
tij
(
1
2
σµnµ (i) c (j) + c (i)
(
c† (j) c (i)
))
.
(3.3)
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The following definitions have been used
σµ = (1, σ) nµ (i) = c
† (i)σµc (i) (3.4)
with 1 and σ being the unity and the three Pauli matrices
respectively and nµ (i) representing for µ = 0 the total
charge- and for µ = 1, 2, 3 the spin- density operator for
the site i. In Eq. 3.3 and in ones that will follow the
summation with respect to greek indices is understood.
IV. THE GREEN’S FUNCTION
The properties of the system are conveniently ex-
pressed in terms of the single particle retarded thermal
Green’s function:
S (k, ω) =
〈
R
[
ψ (i)ψ† (j)
]〉
F.T.
(4.1)
where 〈 〉F.T. is the Fourier transform of the thermal
average and R [ ] indicates the retarded time-ordered
product. In the framework of the COM and neglecting
finite life-time effects5 we have
S (k, ω) =
1
ω −m (k) I (k)−1
I (k) . (4.2)
By considering paramagnetic contour conditions together
with the roto-translational invariance, I (k) has the ex-
plicit expression:
I (k) =
〈{
ψ (i) , ψ† (j)
}〉
F.T.
=
( (
1− n
2
)
0
0
n
2
)
(4.3)
n being the thermal average of the total charge-density
operator (n = 〈n (i)〉). Moreover, m (k) is defined as
m (k) =
〈{
i
∂
∂t
ψ (i) , ψ† (j)
}〉
F.T.
. (4.4)
From Eq. 4.4 direct calculations give
m11 (k) = −µ
(
1−
n
2
)
− 4t (∆ + α (k) (1− n+ p))
−4t′ (∆′ + β (k) (1− n+ p′)) (4.5a)
m12 (k) = m21 (k) = 4t
(
∆− α (k)
(n
2
− p
))
+
+4t′
(
∆′ − β (k)
(n
2
− p′
))
(4.5b)
m22 (k) = − (µ− U)
n
2
− 4t (∆ + α (k) p)+
−4t′ (∆′ + β (k) p′) (4.5c)
with
∆ =
〈
ξα↑ (i) ξ
†
↑ (i)
〉
−
〈
ηα↑ (i) η
†
↑ (i)
〉
(4.6a)
∆′ =
〈
ξ
β
↑ (i) ξ
†
↑ (i)
〉
−
〈
η
β
↑ (i) η
†
↑ (i)
〉
(4.6b)
p =
1
4
〈
nαµ (i)nµ (i)
〉
−
〈
(c↑ (i) c↓ (i))
α
c
†
↓ (i) c
†
↑ (i)
〉
(4.6c)
p′ =
1
4
〈
nβµ (i)nµ (i)
〉
−
〈
(c↑ (i) c↓ (i))
β
c
†
↓ (i) c
†
↑ (i)
〉
. (4.6d)
We are using the following notation
ζα (i) =
∑
j
αijζ (j) ζ
β (i) =
∑
j
βijζ (j) , (4.7)
α (k) and β (k) are the Fourier transforms of αij and βij .
These latter represent the projectors on the nearest and
next-nearest neighbors, respectively.
The internal parameters ∆, ∆′, p and p′, as the chem-
ical potential µ, have to be calculated in order to obtain
the fermionic propagator as a function of the external
parameters t, t′, U , n and T (temperature).
The chemical potential µ can be calculated using the
equation that gives the filling n
n = 2
(
1−
〈
ξ↑ (i) ξ
†
↑ (i)
〉
−
〈
η↑ (i) η
†
↑ (i)
〉)
. (4.8)
The parameters ∆ and ∆′ can be determined by their def-
initions that give a direct connection with the elements
of the Green’s function. The parameters p and p′ are not
directly calculable starting from the elements of the sin-
gle particle Green’s function and they will be calculated
using a relation with the content of the Pauli principle5〈
ξ (i) η† (i)
〉
= 0. (4.9)
The use of the symmetry contained in Eq. 4.9 allows us
to fix the dynamics of the system in a fully self-consistent
way.
V. THE LOCAL PROPERTIES
A. The chemical potential
We have calculated the chemical potential µ as a func-
tion of the external parameters using the system of self-
consistent equations described in Sec. IV. We have com-
pared our results with the ones obtained by means of the
quantum Monte Carlo method11 on a finite size lattice
8× 8, see Fig. 1.
The quantum Monte Carlo data present a plateau for
n ≈ 1.3. This plateau is completely absent in our curve
and is related to a finite size effect24. Moreover, the
opening of the antiferromagnetic gap, due to a spin den-
sity wave instability24, does not allow us to reproduce
the behavior near half-filling where our solution is para-
magnetic; this latter comment will also reflect on the
comparison done with the double occupancy data.
Finally, it is interesting to point out that our theoret-
ical calculations predict a change, driven by the value of
t′, of less than 1% in the critical value of U which signs
the opening of the Mott-Hubbard gap.
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FIG. 1. Chemical potential µ as a function of the filling n
for U = 4 , T = 1
6
and t′ = −0.2. COM indicates our results,
qMC the ones of Ref. 11
FIG. 2. Double occupancy D as a function of the filling n
for U = 6t, T = 1
4
and t′ = 0.2. COM indicates our results,
qMC the ones obtained in Ref. 11
B. The double occupancy
The double occupancy D, defined as the probability to
have a couple of electrons (↑↓) on the same site, can be
calculated through the following equation
D = 〈n↑ (i)n↓ (i)〉 =
1
2
〈
η† (i) η (i)
〉
. (5.1)
We have compared our results with the ones obtained
by means of the quantum Monte Carlo method11 on a
finite size lattice 8 × 8, see Fig. 2. In the low filling re-
gion our solution presents a characteristic feature, the
existence of a critical value of the filling nD (U) before
which the double occupancy is almost zero (n ≤ nD (U)).
The small residual is due to the thermal fluctuations.
This kind of behavior seems to be absent in the quan-
tum Monte Carlo data at finite temperature, but it can
be surely inferred when the zero temperature quantum
Monte Carlo data for the chemical potential µ are re-
ported as a function of the U parameter5.
The explanation of this behavior of the double occu-
pancy can be given as the existence of two regimes: one
FIG. 3. Critical value of the filling nD as a function
of the intrasite Coulomb potential U for T = 0.01 and
t′ = −0.2, 0, 0.2.
in which the low filling let the carriers the possibility
to move freely and avoid the high-energetic double occu-
pancy of some sites and another one in which the number
of carriers excludes the possibility to avoid the double oc-
cupancy. Obviously, this value of the filling, which marks
the changing of regime, depends strongly on the value of
the U and t′ parameters, see Fig. 3.
C. The energy per site
The total energy per site Es can be written as
Es = Ts + Vs (5.2)
where
Ts =
1
N
∑
σ
∑
ij
tij
〈
c†σ (i) cσ (j)
〉
(5.3a)
Vs = U
1
N
∑
i
〈n↑ (i)n↓ (i)〉 = UD (5.3b)
are the kinetic and the potential energies, respectively.
The behavior of the total energy per site Es follows
that of the kinetic energy Ts for low values of the filling,
where the double occupancy is almost zero whereas it fol-
lows that of the potential energy Vs for values of the filling
greater than nD (U), see Fig. 4. This kind of behavior
has been also found by means of quantum Monte Carlo
method calculations25,26 and slave-boson ones27 giving a
further confirmation about the presence of a region of the
filling where the double occupancy has almost zero value.
VI. THE BAND PROPERTIES
In the framework of the COM, the Fourier transform
of the single particle retarded thermal Green’s function,
see Eq. 4.2, may be rewritten as:
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FIG. 4. Energy per site Es as a function of the filling n for
t′ = −0.2, T = 0.25 and U = 4, 6, 8.
S (k, ω) =
2∑
i=1
σi (k)
ω − Ei (k)
(6.1)
where σ1,2 (k) are given by
σi11 (k) =
I11
(
2Q (k) + (−)
i+1
∆Σ(k)
)
4Q (k)
(6.2a)
σi12 (k) = σ
i
21 (k) = (−)
i+1 m12 (k)
2Q (k)
(6.2b)
σi22 (k) =
I22
(
2Q (k) + (−)
i
∆Σ(k)
)
4Q (k)
(6.2c)
with
Q (k) =
1
2
√(
U −
m12 (k)
I11I22
)2
+ 2nU
m12 (k)
I11I22
(6.3a)
R (k) =
1
2
(U − 2µ− 8tα (k) − 8t′β (k))
−
1
2
m12 (k)
I11I22
(6.3b)
∆Σ (k) = (1− n)
m12 (k)
I11I22
− U . (6.3c)
E1,2 (k) represent the energy bands and have the follow-
ing expressions:
Ei (k) = R (k) + (−)
i+1
Q (k) . (6.4)
According to this, the Fermi surface of the system may
be defined as E2 (k) = 0 and the electronic density of
states, N (ω), may be computed through the following
formula:
N (ω) =
1
2pi2
∫
dk

− 1
pi
2∑
i,j=1
ImSij (k, ω)

 (6.5)
where the integration has to be performed on the Bril-
louin zone. The presence of two bands gives a structure
of the density of states characterized by two logarithmic
van Hove singularities.
FIG. 5. Critical filling nc as a function of the t
′ and U
parameters for T = 0.01.
A. The energy bands and the van Hove singularity
Both band structure calculations and experiments gen-
erally find that the Fermi level is close to the van
Hove singularity at the optimal doping (δc) for the ma-
jority of the multi-layer cuprate superconductors, like
Y Ba2Cu3O7−δ (Y BCO), Bi2Sr2Ca1Cu2Oδ (Bi-2212)
and Hg compounds28,20,29.
In particular, for Y BCO the relative distance (∆E)
between the Fermi level and van Hove singularity has
been found to be within 6 meV for its optimal doping
concentration30
(
δY BCOc ≈ 0.15
)
.
For the electron-doped Nd2−xCexCuO4 (NCCO), it
has been found a value of ∆E of ≈ 200 meV for its op-
timal electron-doping concentration31
(
xNCCOc ≈ 0.15
)
.
So far, no photoemission results are available for the
lanthanates due to the difficulty in obtaining high enough
quality samples. However, for the La2−xSrxCuO4
(LSCO) the van Hove singularity seems to coincide with
the Fermi level at the critical doping (xc) at which the su-
perconductivity disappears
(
xLSCOc ≈ 0.3
)
after the ex-
perimental data for the static susceptibility32, the elec-
tronic specific heat and the entropy33.
More generally, the experimentally derived disper-
sions of the Cu-O plane anti-bonding bands for a series
of cuprates (Bi-2212, Y BCO, Bi2Sr2CuOδ (Bi-2201),
Y Ba2Cu4O8, NCCO) show a remarkable similarity to
one another with the van Hove singularity appearing near
the Y -point (0, pi) of the Brillouin zone34.
The value of the t′ parameter is crucial in determining
the structure of the energy bands and therefore the rela-
tive position of the van Hove singularity with respect to
the Fermi level. The critical value of the filling (nc) for
which the van Hove singularity of the lower band coin-
cides with the Fermi level, has the behavior shown in
Fig. 5 as a function of the t′ and U parameters. nc
has been computed by studying the density of states, see
Eq. 6.5, as a function of the filling n for fixed values of
the t′ and U parameters. Fig. 5 contains a complete in-
formation about the structure and the doping evolution
5
FIG. 6. Energy bands for t′ = −0.4, T = 0.01, n = 1.15
and U = 6.
FIG. 7. Energy bands for t′ = −0.1, T = 0.01, n = 0.7 and
U = 3.
of the density of states and therefore permits a compre-
hensive comparison between the experimental situation
and the physics described by the t-t′-U model.
The critical value of the filling (n′c), that corresponds
to the coincidence of the upper band van Hove singularity
with the Fermi level can be obtained by the one of the
lower band through the following formula, that comes
directly from the hole-particle symmetry
n′c (U, t
′) = n′c (0, t
′) + (nc (0,−t
′)− nc (U,−t
′)) . (6.6)
This critical value of the filling can be also interesting
with respect to the electron-doped compounds for which
the relevant band is the upper one.
We have studied the structure of the energy bands
as function of the model parameters. The results have
shown that is possible to obtain a good agreement with
the experimental data by choosing reasonable sets of pa-
rameters. In particular, the value of ∆E for NCCO to-
gether with the shape of the energy band can be obtained
by the following set of parameters: U = 6, t′ = −0.4, see
Fig. 6. In the case of LSCO, we can obtain the right
value for xc by using the following set of parameters:
U = 3, t′ = −0.1, see Fig. 7. In this figure we can observe
the coincidence between the van Hove singularity and the
Fermi level as required by the LDA calculations35.
Finally, it can be easily seen from Fig. 5, that it is
impossible to obtain the features suggested for Y BCO
unless to use a set of parameters like: U = 1, t′ = −0.4
with a value of the U parameter really too small in com-
parison with the band calculation results13,14. Moreover,
even using this set of parameters, the relevant van Hove
singularity results to be the upper band one, in strict con-
tradiction with the hole-doped nature of the compound.
This is due to the value of the t′ parameter necessary to
obtain the right bending of the Fermi surface after the
ARPES data36. A value of −0.4 for the t′ parameter
gives a value for the critical filling of the lower band van
Hove singularity too small with respect to the optimal
doping concentration required by experimental data36.
Independently to the chosen set of parameters the van
Hove singularity appears at the Y -point as in the exper-
imental case.
B. The Fermi surface
The Fermi surface of the various cuprates are remark-
ably similar one to another; in particular, photoemis-
sion experiments show a large Fermi surface for a series
of cuprates at their optimal doping concentration34 (Bi-
2212, Bi-2201, NCCO, Y BCO).
Photoemission studies of NCCO find a hole-like and
roughly circular Fermi surface31. The apparent simplic-
ity of this Fermi surface is deceptive, since the transport
properties imply that the majority carriers are electron-
like.
Positron annihilation studies of the doping dependence
of the Fermi surface for the LSCO are consistent with
a pseudo-nested hole-like Fermi surface37 predicted by
LDA calculations35.
The shape and, in particular, the bending of the Fermi
surface are strongly dependent on the value of the t′ pa-
rameter. The bending is electron-like for positive values
of t′ and hole-like for negative ones, independently on
the strength of the U parameter. This can lead for fixed
values of filling n and of the U parameter to a real rota-
tion of the Fermi surface by varying the value of the t′
parameter. In Fig. 8 we show the Fermi surface of the
t-t′-U model with U = 4, T = 0.01 and n ∼= 0.73 for
values of the t′ parameter that range from −0.5 to 0.5
with step 0.1. The chosen value of the filling corresponds
to the critical value nc for t
′ = 0. The Fermi surface is
open and hole-like for t′ = −0.5. It is nested for t′ = 0.
It is closed and electron-like for t′ = 0.5. This gives the
idea of a pi
4
possible rotation that can be driven by the t′
parameter.
The critical value of the filling for which the Fermi
surface closes corresponds to the value for which the van
Hove singularity of the lower band coincides with the
Fermi level. The perfect nesting can be obtained only
6
FIG. 8. FS for t′ = −0.5 → 0.5, T = 0.01, n = 0.73 and
U = 4.
for a zero value of the t′ parameter. Any non-zero value
leads to a pseudo-nesting as the Fermi surface, although
closed, conserves some bending.
It is really relevant that the experimentally observed
Fermi surface for NCCO can be obtained, in our formu-
lation, by the same set of parameters that gives a cor-
rect band dispersion, see Fig. 9. Moreover, it has to be
pointed out that the value of the t′ parameter capable
to reproduce the bending of the Fermi surface is nega-
tive in sharp contrast with the one predicted by band
calculations11. Indeed, in the context of a simple t-t′-U
model a negative sign for the bare t′ parameter is the
only way to obtain a hole-like bending.
It is interesting to notice that the experimentally ob-
served Fermi surfaces for Y BCO and NCCO have the
same bending. This situation seems to eliminate the pos-
sibility to describe both the electron- and hole- doped
cuprates just changing the sign of the t′ parameter, at
least in the context of a simple t-t′-U model.
In the case of LSCO, the same set of parameters
already used to successfully describe the band disper-
sions allows us to reproduce both the pseudo-nesting
and the hole-like bending of the Fermi surface as found
by the positron annihilation experiments and LDA
calculations37,35, see Fig. 10.
VII. CONCLUSIONS
Since the discovery of high-Tc superconductivity, there
has been a great deal of discussion about the choice of an
effective model suitable to describe the properties of the
copper-oxide superconductors. Extensive studies of the
magnetic properties, showing one spin degree of freedom
FIG. 9. FS for t′ = −0.4, T = 0.01, n = 1.15 and U = 6.
in the Cu-O plane, have resulted in considerable evidence
that high-temperature superconductors may be modelled
by an effective single-band model. In this line of thinking,
one of the most studied model is the single-band Hub-
bard model. The addition of a finite t′ diagonal hopping
term, that appears to be material dependent for high-
Tc cuprate superconductors, has often been suggested to
handle the complexity of the experimental situation for
the cuprates.
According to this, we have studied the two-dimensional
t-t′-U model, by means of the Composite Operator
Method. Using relations containing the Pauli principle,
we have been able to fix the dynamics in a fully self-
consistent way. Furthermore, the recovery of the Pauli
principle has assured us to satisfy the hole-particle sym-
metry too.
Nowadays, the experimental situation for many physi-
cal properties of cuprate high-Tc superconductors is well
established. This imposes strong constraints on the the-
oretical models and/or adopted approximation schemes.
The band dispersions and the Fermi surface of a large se-
ries of materials are today well-known. ARPES data give
as main information the presence of a well-defined Fermi
surface. This result gives some support to the Fermi liq-
uid scenario and puts some doubts on the necessity of
introducing more exotic theories.
We have computed the structure of the energy bands,
the shape of the Fermi surface and the relative position
of the van Hove singularity. The comparison with ex-
perimental data has shown that theis capable to describe
both La2−xSrxCuO4 and Nd2−xCexCuO4, that share
the property to be 1-layer cuprates. On the contrary,
it does not seem the case for Y Ba2Cu3O7−δ that is a
2-layer cuprate. This can be read as a clear signal that
two-dimensional Hubbard-like models can play an impor-
7
FIG. 10. FS for t′ = −0.1, T = 0.01, n = 0.7 and U = 3.
tant role in describing the physics of the 1-layer cuprates
superconductors, but that the multi-layer ones need some
more complex models.
The value of the t′ parameter that has been found to be
necessary for describing the electron-doped Neodymium
compound is negative in sharp contrast with the band
calculations. This questions the possibility to derive the
value of the bare parameters of the model from band
calculations, as it has been done for the value of the t′
parameter since its proposal.
In conclusion, the t-t′-U model emerges as a minimal
model for 1-layer cuprate materials.
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